In this paper the author discusses the article by the HERMES Collaboration, Phys. Lett. B 666, 446 [1], where several important results concerning strange quark properties in the nucleon were presented. The strange sea distribution was found to be very different from the non-strange in the Bjorken x scaling variable. In addition, the magnitude of these two distributions at low x is similar, contrary to most of the available Parton Distribution Function sets. The strange quark helicity distribution was also extracted combining inclusive and semi-inclusive kaon asymmetries. The result of the first moment of the strange quarks helicity distribution in the measured range is slightly positive, while a rather significant negative value is expected from the world polarised inclusive Deep Inelastic Scattering measurements.
Introduction
The information on the strange quark properties in the nucleon is rather scarce. The strange quark density is poorly known, the main information comes from the neutrino experiments NuTeV [2] and CCFR [3] . The analyses [4] [5] [6] [7] suggest that the strange sea is suppressed with respect to the non-strange sea by a factor of about 2. This fact is not observed in the analysis of [8] .
The HERMES results [1] , brought a very important contribution to the understanding of the strange quark properties in the nucleon.
First of all it was shown that the strange quark parton distribution function (PDF) has very different shape in the Bjorken x scaling variable as compared to the distributions ofū andd. It was also verified that for x ≈ 0.04 the densities of the strange and non-strange sea are comparable. This result was recently confirmed by the ATLAS analysis [9] , but the final uncertainty of the ATLAS result is still large.
Even more interesting results were obtained by HERMES in the polarised strange sector. From deep inelastic scattering measurements of the spin dependent structure function g 1 it is known that the first moment of the strange quark distribution is negative ∆S = 1 0 ∆s(x) + ∆s(x)dx = −0.09 ± 0.01 ± 0.01, (see e.g. [10] , [11] ). However, HERMES analysis based on the combination of the inclusive asymmetry A ||,d and the semi-inclusive kaon asymmetry A
concluded that in the measured range of x, the corresponding ∆S is consistent with zero and negative values are not preferred; 0.6 0.02 ∆s(x) + ∆s(x)dx = 0.037 ± 0.019 ± 0.027. These results are often called strange quark polarisation puzzle.
The HERMES observation lead to a sign changing solution of the polarised strange quarks distribution function in a PDF set by D. de Florian, R. Sassot, M. Stratmann and W. Vogelsang [12] . In the high x region the strange quark polarisation is positive, changing sign for low values of x. As a result the semiinclusive and the inclusive analyses of ∆S do no longer contradict each other.
The other possible solution of the puzzle was proposed by E. Leader, A. V. Sidorov and D. B. Stamenov [13] . They argued that the puzzle only appears if one uses the DSS set of fragmentation functions (FFs) [14] , as done in [1] . Using another set, namely the HKNS [15] one, semi-inclusive data prefer negative strange polarisation in the whole x range. Based on published materials in [1] it can be shown that the proposition of [13] has a big weakness. Namely the two discussed sets of FFs differ indeed a lot in the kaon sector. The strange quark fragmentation function into kaons is more than a factor two higher in DSS than in HKNS. As a result if the HKNS FF had been used for the extraction of the unpolarised strange quark PDF from the HERMES data, the resulting distribution would have been more than a factor two higher than extracted in [1] , and in disagreement with all experiments.
However, the results of [1] , published in 2008 results, are based on the analysis of the sum of kaon (K ± ) multiplicities. The author analysed non-published but publicly available, preliminary HERMES results [16] presented in 2011, as well as results shown in PhD thesis of [17] based on HERMES data, from 2005. In these two the sources charged separated kaon multiplicities are available. It will be shown that a certain combination of FFs extracted from the difference of K ± multiplicities has a very strong Q 2 (x) dependence not expected by DGLAP. If such a dependence was present in the data used in [1] , the explanation of E. Leader et al. could not be excluded, while conclusion of [1] might had to be changed.
HERMES analysis of unpolarised strange sea
The HERMES results [1] on the strange quark PDF S(x) are based on the analysis of sum of K ± multiplicities dN K (x)/dN DIS (x) in semi-inclusive deep inelastic scattering (SIDIS) of electrons on a deuteron target. As stated there:
where S(x) = s(x) +s(x), z is the ratio of energies of the hadron and the virtual photon in the target rest frame,
As presented in Fig. 1 of [1] , the kaon multiplicity is flat for high x, i.e. in the region where there is no strange quarks and it rises by about 50% for lower values of x. Without strange quarks the distribution should be almost flat (or even decreasing for lower x) therefore the large excess of kaon multiplicity in the low x region is interpreted as a strong signature of the strange quarks presence. Their contribution was quantified using Eq. (1). The value of D K S (z)dz was taken from DSS and D K Q (z)dz was extracted directly from the HERMES data at high x. In the first order, the HERMES analysis neglected the possible negative four momentum transfer Q 2 dependence of the FF. However, in the later stage of the analysis the dependence as in DSS fragmentation function is taken into account. The expected Q 2 dependence is weak, of the order of 10-20%, in the measured range of
Tentative analysis of the HERMES publicly available data
The author extracted the K + and K − multiplicities on deuteron target from slide 15 of [16] . These multiplicities cover the following kinematic ranges: x ∈ (0.03 − 0.5) and Q 2 ∈ (1 − 10) (GeV/c) 2 , and they were integrated in the z range from 0.2 to 0.8. To be able to perform some quantitative analyses, the author of this paper assumes that in the strange sector there are three fragmentation functions:
and D unf for the remaining combinations. Thus:
Here for simplicity it was assumed that
It turned out that a very important distribution to understand better the strange sector is the difference of
. First of all the multiplicity difference leads to a non-singlet distribution, whose evolution decouples from gluons, and is thus simpler. Secondly a lot of systematic uncertainties cancel in the multiplicity difference. Thirdly the disputed strange fragmentation function does not contribute to the difference. Finally using Eq. (2) one has a direct link to a certain combination of FF, namely
The presented equation is for the deuteron target. The unpolarised quark distributions of various flavors are denoted by u(x),ū(x), d(x),d(x), s(x). The denominator of the equation is closely related with the measured 1γ cross-section, while u v (x) and d v (x) are the valence distributions of the u and d quarks respectively. Therefore both these factors are known experimentally with a good precision. There is a strong correlation between x and Q 2 in the HERMES experiment, thus for simplicity it was assumed here that FFs depend upon x, instead of Q 2 . The author evaluated D f av (x) − D unf (x) using Eq. (2) and the CTEQ6L PDF set [18] . The systematic errors of K + and K − multiplicities are strongly correlated; but the correlation factors were not known to the author. He decided to scale the errors as given in [16] so that the fit of (D f av − D unf )(log 10 (x)) by a straight line gives the χ 2 value equal to the number of degrees of freedom. The scaling factor was found to be 2.5, thus quite large.
The Tables 1 and 2 .
Contrary to the expectation of [14] , a very strong x or Q 2 dependence of the evaluated FFs is observed. The author also verified that a similar, but a factor 2.5 weaker, dependence is also present in the results from the PhD thesis of [17] . However, for those results the multiplicities were evolved to the same Q 2 value, and in addition a region in z smaller than in [1] was available. The author of [17] mentions that there is possibly a problem in the procedure of the multiplicity extraction, since the extracted K − multiplicities were sometimes negative. u , increases for low x. In this case the increase of the sum of K + , K − multiplicities for low x observed in HERMES corresponds mainly to kaons originating from u,ū instead of s,s. As a result the strange quark PDF is lower than anticipated in [1] . It follows naturally that the non-negative ∆S obtained in the HERMES analysis could be explained by the fact that more than expected, positively polarised, u,ū quarks contribute to a kaon sample from which the spin dependent asymmetry A K ||,d is extracted. As a consequence the obtained ∆S is biased towards positive values.
If the discussed data were used for the extraction of FFs, in the discussed scenario the resulting D str would be overestimated. As in previous cases part of the kaons originating from u andū would be wrongly assigned as having s ors origin. This possible overestimation of D str has further influence on the ∆S extraction, resulting in too optimistic statistical uncertainties and possibly further bias towards a positive value. An example of the correlation of the uncertainty and the value of ∆S for different ratios of D str /D f av can be seen in COMPASS analysis [19] .
The author tried to verify a possible impact of the observed D f av (x) − D unf (x) dependence on the D str . In order to do so a simple LO extraction of FFs from HERMES data was performed using as input the extracted integrated K + and K − multiplicities from [16] and the CTEQ6L PDF set. 2 . In the next step, an additional free parameter was added, modifying D f av (x) = D f av (1) + par · log 10 (x). The functional form of the x dependence is selected taking in to account on the empirical ob- 1 Observe, that this conclusion is valid even in case one assumes only charge conjunction asymmetry of FFs, thus 6 independent FFs in the strange quark sector.
2 As a matter of fact some of the multiplicities obtained from HERMES data were used in the DSS FF fit, namely Information from [17] together with private communication with the author of that PhD thesis. However, detailed analysis of the impact of HERMES data and their unforeseen D f av (x) − D unf (x) dependence on the full FF fit is far too complex to be done by the author in this paper.
servation made in Fig. 1 . The resulting χ 2 of the fit improved by a factor 4 to 18.1/14. The slope was found to be about -0.061 as can be deduced from Fig. 1 . However, at the same time the strange FF changed a lot, D str = −0.44 ± 0.14, i.e. the central value became unphysical. Adding an additional Q 2 dependence for D unf as expected from the DSS brings the central value of D str to -0.3 or -0.2 depending on if the Q 2 evolution of FF from DSS is applied as an additive or a multiplicative correction. Thus the allowed region is concentrated only for low values of D str i.e. as obtained in [15] and discussed in [13] .
For completeness the author also verified that if the D f av is kept constant while D unf has a x dependence of the form D unf (x) = D unf (1) + par · log 10 (x), the resulting χ 2 /ndf is about 37.5/14, but D unf is negative for x < 0.15 and in addition D str /D f av ≈ 25 thus not very reliable. A simultaneous fit of the x dependence of both D f av and D unf did not improve the χ 2 /ndf value significantly: 17.6/13 to be compared with 18.1/14 when only D f av (x) dependence was included. In addition the correlation between the fit parameters exceeds 99% in this case.
However, the most important observation is that indeed there is a very strong correlation between D f av (x) − D unf (x) and D str . Without a proper understanding of the x dependence of D f av −D unf it is very hard to obtain from SIDIS data any non-disputable results in the strange quark sector. Observe that a systematic effect giving rise to a 10% slope of D f av (x) − D unf (x) results in a D str /D f av bias of about 1 . The author doesn't speculate why such a strong x or Q 2 dependencies are observed in the preliminary HERMES data sets. However, it is worth to mention that for the preliminary COMPASS multiplicities [20] , the author extracted the D f av (x) − D unf (x), which within uncertainties is flat in the whole measured x region x ∈ (0.004 − 0.7) . The Q 2 range is between 1-30 (GeV/c) 2 for these data.
Summary
Based on publicly available HERMES data the author showed that the analysis of K + and K − multiplicities results in a not foreseen x dependence of the D f av (x) − D unf (x) fragmentation functions. This dependence can explain, in a certain scenario, the different than expected strange quark PDF obtained by HERMES as well as it will bias the strange quark helicity distribution towards a positive value. Therefore the key point is the verification by the HERMES collaboration that D f av − D unf does not show any unforeseen x dependence for the data used in [1] . The answer to this question is very important in order to understand the strange quark sector in the fixed target experiments domain.
